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a  b  s  t  r  a  c  t
To elucidate  the  occurrence  and  epidemiology  of leptospirosis  in  rats  cohabitating  with
forest  animals,  13  rats were  captured  at seven  locations  of  the  Centre  for the  Conservation
of Wild  Fauna  (CCWF)  in  Sao  Paulo  state,  Brazil,  and  samples  of  their blood,  liver,  and  kidneys
were  collected.  The  diagnostic  techniques  utilized  were  the  microscopic  agglutination  test
(MAT),  polymerase  chain  reaction  (PCR)  for  Leptospira  spp., and  cultures  of  rat  kidneys  and
liver  in  Fletcher’s  medium.  The  MAT results  showed  that  13  (100%)  of the  samples  were
reactive  to  12 serovars  among  the  29 Leptospira  spp.  tested,  and  the  Australis  and Tarassovi
serovars  were  the  most  frequently  identiﬁed  serovars.  To research  the  agent  in  fragments
of the  liver  and  kidney,  13  samples  from  each  tissue  were  cultured  in  Fletcher’s  medium,
and  the results  revealed  seven  positive  samples  (53.8%;  three  from  the  kidneys  and  four
from the  livers).  The  analysis  of  the blood  samples  by PCR for Leptospira  spp. showed  that  six
animals  (46.1%)  were  positive,  whereas  the  analysis  of  the  organs  (kidneys  and  liver)  by PCR
revealed  that  nine  animals  (69.2%)  were  positive,  and  the  culture  of  the  organs  revealed  four
positive animals  (30.8%).  These  results  suggest  that the  presence  of  Leptospira  spp.  infection
in rats  at the study  site  and  the  knowledge  of  the serovars  that  exist  in  this  environment  are
important for  the epidemiological  comprehension  of the  disease  and for the  identiﬁcation
of  control  measures  that should  be  considered  to reduce  the  risk  of  transmission  of  the
disease  through  this  animal  reservoir.
© 2014  Elsevier  B.V.  All  rights  reserved.∗ Corresponding author. Tel.: +55 18 996146323;
ax: +55 0151432814391.
E-mail addresses: mirianpaixao 2@hotmail.com,
irianspaixao@bol.com.br (M.d.S. Paixão).
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Rodents can play a relevant role as hosts for diverse
agents that cause bacterial, viral, and parasitic zoonoses.
These organisms are considered important reservoirs
because they can remain infected for a long period of time
without manifesting disease and can transmit pathogenic
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agents to humans and other animals (Nakamura et al.,
2013).
One of the infections transmitted by these animals
is leptospirosis. The principal reservoirs of this bacterial
zoonosis are rodents of the species Rattus rattus,  R. norvegi-
cus, and Mus  musculus because these harbour leptospires
in the kidneys and release them into the environment,
thereby contaminating water, soil, and foods (Brasil, 1998).
Rats are found in diverse locations that offer ideal con-
ditions for their survival and maintenance in an urban or
forest environment and are able to transmit leptospirosis
to wild and domestic animals and to humans. Therefore, it
is necessary to exercise constant epidemiological vigilance
in locations where these animals are present.
Leptospirosis is a contagious infectious zoonosis of
worldwide distribution that afﬂicts humans as well as
forest and domestic animals (Bharti et al., 2003). The
etiological agents of the disease are pathogenic spiro-
chetes belonging to the Order Spirochaetales, Family
Leptospiraceae, and Genus Leptospira (Trabulsi, 2004) that
present a great variety of infective serovars.
The present work aimed to verify the occurrence of Lep-
tospira spp. among rats captured in a natural preservation
area that harbours diverse species of forest fauna and is
located on the urban perimeter of Ilha Solteira, SP, Brazil.
2. Materials and methods
2.1. Study area
The Center for the Conservation of Wild Fauna (CCWF)
is an area of dense vegetation located on an urban perime-
ter on the outskirts of the city of Ilha Solteira (20◦25′58′′ S,
51◦20′34′′ W)  in the extreme northwest of Sao Paulo state,
Brazil (Fig. 1).
2.2. Animals and ethical aspects
Thirteen rats were captured through traps equipped
with a Shermann-type hook and food baits that were
positioned at seven points within the CCWF. The anaes-
thetics ketamine (25 mg/kg) and xylazine (2 mg/kg) were
employed for blood collection and serum separation. Sub-
sequently, the animals were killed through an overdose of
the above-mentioned anaesthetics, and the liver and kid-
neys were removed.
The study was evaluated and approved by the Commis-
sion for Research Ethics and Animal Experimentation at
the UNESP School of Medicine at Botucatu under protocol
number 871-2011, by the Brazilian Institute for the Envi-
ronment and Renewable Natural Resources (IBAMA) under
number 26841-1, and by the Energy Company of Sao Paulo
State (CESP) under number 3639/2011.
2.3. Diagnostic methods
2.3.1. Microscopic agglutination test (MAT)
For the serological diagnosis of Leptospira spp. infec-
tion, the microscopic agglutination test (MAT) was
performed according to the norms of the Ministry of
Health (Brasil, 1999). Live cultures of the following 29ry Medicine 115 (2014) 69–73
strains of Leptospira spp., which were used as antigens,
were grown in liquid Ellinghausen-McCullough-Johnson-
Harris (EMJH) culture medium free of contamination
or self-agglutination: L. interrogans serovars Australis,
Autumnalis, Bataviae, Bratislava, Canicola, Copenhageni,
Djasiman, Wolfﬁ, Icterohaemorrhagiae, Pomona, Sen-
tot, Hardjo, Hardjoprajitno, Harjobovis, HardjoCTG, and
Hardjominiswajezak; L. santarosai serovar Shermani; L.
borgpetersenii serovars Castellonis, Hebdomadis, Javanica,
Pyrogenes, Tarassovi, and Whitcombi; L. kirschneri serovars
Butembo, Cynopteri, and Grippotyphosa; L. noguchi serovar
Panama; and L. biﬂexa serovars Andamana and Patoc. The
animals were considered reactive when they presented
titres greater than or equal to 100. The ﬁnal titre was the
titre that presented an agglutination rate of at least 50%
(Faine et al., 1999).
2.3.2. Isolation in culture medium
For culturing in Fletcher’s medium, the liver and kid-
ney fragments were processed according to Passos et al.
(1988). The material obtained from each of the organs was
inoculated into a tube containing semisolid Fletcher’s cul-
ture medium (Difco®) with 0.15% agar supplemented with
100 g of 5-ﬂuorouracil/mL and 1% sterile rabbit serum and
inactivated at 56 ◦C for 30 min. The culture was  then incu-
bated at 29 ◦C for 16 weeks. Dark-ﬁeld microscopy readings
of each of the tubes were performed two, four, and six
weeks after seeding at 40× enlargement to assess the bac-
terial development based on the formation of an opalescent
ring (Dinger Zone). The samples were considered positive
when mobile spirochetes were visualized and/or when the
formation of an opalescent ring was observed.
2.3.3. Polymerase chain reaction (PCR) for Leptospira
spp.
The DNA from the blood and culture samples was
extracted for PCR using the IllustraTM Blood Genomic
Prep Mini Spin kit (GE Healthcare®), and the DNA from
the kidney and liver samples was extracted using the
IllustraTM Tissue and Cell Genomic Prep Mini Spin kit
(GE Healthcare®), according to the recommendations of
the manufacturer. The primers utilized were LEP 1 (5′
GGCGGCGCGTCTTAAACATG 3′) and LEP 2 (5′ TTCCCCC-
CATTGAGCAAGATT 3′), which amplify 331 base pairs (bp).
PCR was  used to detect Leptospira DNA using the rrs (16S)
gene as the target sequence (Mérien et al., 1992).
The PCR was conducted in a Mastercycler gradient ther-
mal  cycler (Eppendorf) with a ﬁnal reaction volume of
25.0 L, including 2.5 L of PCR buffer solution (50 mM KCl
and 10 mM Tris–HCl, pH 8.0), 0.75 L of MgCl2 (1.5 mM),
0.5 L of dNTP solution (0.2 mM),  0.5 L of Taq Platinum
DNA (1 U) (Invitrogen®), 0.5 L of each primer (10 pM),
17.75 L of ultrapure water, and 2 L of the DNA from the
sample and the following cycling proﬁle based on the pro-
tocol described by Mérien et al. (1992) with modiﬁcations
to the number of cycles: denaturation at 94 ◦C for 3 min, 35
cycles of 94 ◦C for 1 minute, annealing at 63 ◦C for 1.5 min,
and extension at 72 ◦C for 2 min, and a ﬁnal extension at
72 ◦C for 10 min.
The ampliﬁed products were visualized by elec-
trophoresis in 1.5% agarose. For the visualization of the
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CR-ampliﬁed products, negative and positive controls
ere utilized. Aliquots of cultures of Leptospira interrogans
erovar Canicola in EMJH served as a positive control for
he blood and culture samples, and the negative control
omprised ultrapure water.
. Results and discussion
.1. Study area
The municipality of Ilha Solteira has an annual aver-
ge temperature of 28 ◦C, which favours the maintenance
f leptospires in the environment (Faine et al., 1999). The
CWF presents dense vegetation and is located near an
rban perimeter, which favours the maintenance and pro-
iferation of rats. The principal sources of infection with
oonotic agents, such as leptospires, for the animals as
ell as the professionals and visitors that circulate through
he park are rodents, which may  encounter conditions
avourable for their proliferation in zoos and breeding
acilities, thereby increasing the risk of transmitting this
oonosis. Rats are frequently found in these environments,
nd the elimination of these animals is a basic requirement
or the control of these diseases.
In association with ecological disequilibrium, forest ani-
als are constantly threatened with extinction; one of the
lternatives for mitigating this loss has been the main-
enance of these animals in captivity, where some wild
pecimens can be preserved. Zoos and conservation centres
eek to excel in preserving and taking care of these animals.
ccording to a publication from the Ministry of the Environ-
ent (MMA,  2003), the CCWF provides a habitat for diversend the city of Ilha Solteira, location of the study.
species of animals threatened with extinction, including
the maned wolf (Chrysocyon brachyurus) and jaguar (Pan-
thera onca), a task that requires constant epidemiological
monitoring to avoid their contact with various pathogens.
Previous studies on leptospirosis in wild animals in cap-
tivity that have been performed in zoos in the Brazilian
states of São Paulo (Corrêa et al., 2004; Lenharo et al., 2012;
Ullman et al., 2012), Paraná (Guerra Neto et al., 2004), and
Minas Gerais (Esteves et al., 2005) have demonstrated the
reactivity of these animals to diverse serovars.
3.2. Microscopic agglutination test (MAT)
Of the 13 animals evaluated in our study, all (100%)
presented anti-Leptospira spp. antibodies. However, there
is signiﬁcant serological cross-reactivity between serovars
and serogroups of Leptospira,  i.e., an animal infected with
one serovar is likely to have antibodies against the infect-
ing serovar that cross-react with other serovars (usually
at a lower level) in the MAT  (OIE, 2008). Because cross-
reaction occurs in 84.6% (11/13) of the samples, showing
that the same animal is reactive to at least two serovars
and serogroups that are antigenically related, the serovars
with the highest titres were considered the presumptive
infective agent. This assumption is reasonably because the
serological examination of the infected animal(s) in areas
well described by isolation studies may  suggest but not
deﬁnitively identify the infecting serovar (OIE, 2008).The animals were reactive to 12 of the 29 serovars tested
with titres ranging from 100 to 3200 (Table 1). Although
the highest titre obtained (3200) was  for the serovars
Pyrogenes, Wolfﬁ, and Hardjominiswajezak, the serovars
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Table  1
Antibody titres of various Leptospira serovars in the serum of 13 rats from the Centre for Conservation of Wild Fauna (CCWF) in Ilha Solteira, SP, Brazil, as
assessed by MAT.
Serogroup Serovar Number of seropositive rats
Titration (UI)
100 200 400 800 1600 3200 Total
Autumnalis Autumnalis – 1 – – – – 1
Australis Australis 1 – – 1 – – 2
Andamana Andamana – 1 – – – – 1
Celledoni Whitcombi 1 – – – – – 1
Tarassovi Tarassovi 1 1 – – – – 2
Shermani Shermani – – 1 – – – 1
Pyrogenes Pyrogenes – – – – – 1 1
Djasiman Sentot – – – 1 – – 1
Sejroe  Wolfﬁ – – – – – 1 1
Hardjominiswajezak – – – – – 1 1
Icterohaemorrhagiae Copenhageni – – – – 1 – 1
Cynopteri Cynopteri – – 1 – – – 1
3 
ng titer Total 3 
a One rat reactive to two  serovars (Whitcombi and Tarassovi), presenti
Australis and Tarassovi were present in the more reactive
animals (2/13). The serovars that were found to be reac-
tive in our study corroborate the ﬁndings of other studies
performed in Brazil, including the state of Sao Paulo. For
example, Silva (2008) found 33.3% positivity (3/9) among
the rodents captured in the zoo in Ribeirão Preto, which
were reactive to the serovars Copenhageni and Pyrogenes.
Lenharo et al. (2012) reported that 48 (96%) of the 50 synan-
thropic rodents captured at the zoo in Bauru were reactive
to all of the serovars that were found in our study. However,
in a study performed by Corrêa et al. (2004) at the zoo in the
city of Sao Paulo, only three of the seven rodents captured in
the interior of the park showed positivity (42.8%) and were
reactive only to Icterohaemorrhagiae, which is the most
common serovar in rats even though none of the animals
in our study were found to be reactive to this serovar.
Leptospirosis is considered an enormous public health
problem with an annual global occurrence of approx-
imately 500,000 cases and a mortality rate of 5–20%
(Dupouey et al., 2013). In Brazil during the period between
2000 and 2013, 10,958 cases with 1317 fatalities were
reported. From 2009 to 2013, Sao Paulo state alone reported
4331 cases, of which 463 led to death (CVE, 2014). Accord-
ing to Martins and Lilenbaum (2013), human leptospirosis
is attributable to an interaction between the presence of
a reservoir of leptospires and an environment with high
rates of exposure to the agent. Among the 12 serovars found
reactive in the present study, ten (Autumnalis, Australis,
Andamana, Whitcombi, Tarassovi, Shermani, Pyrogenes,
Sentot, Wolfﬁ, Copenhageni, Cynopteri, and Hardjomin-
iswajezak) are utilized in the routine diagnosis of human
leptospirosis because they present high pathogenicity to
humans. The CCWF is located near an urban area, a fact
that necessitates constant its epidemiological vigilance. In
addition, according to our obtained results, these serovars
are found in the environment of the present study.3.3. Isolation in culture medium
Of the 13 kidney and liver samples inoculated in
Fletcher’s medium®, isolation was possible from seven2 2 1 3 14a
100.
animals (53.8%). Of the seven animals that were found to
be positive upon isolation, three animals (42.8%) were pos-
itive only in the hepatic culture, two animals (28.6%) were
positive in the renal sample, and two  animals (28.6%) pre-
sented positivity in both fragments of the kidney and the
liver. Nevertheless, the animals found to be negative after
isolation but positive by MAT  developed antibodies only
against some of the serovars of leptospires, demonstrat-
ing previous contact with the agent. However, the animals
found to be positive by PCR for Leptospira spp. from cul-
tures of the kidney and/or liver represent a danger to public
health, evidencing that these animals present a risk factor
as disseminators of this bacterium into the environment.
The isolation of an infectious agent not only is consid-
ered a laborious technique with low sensitivity but also
depends on many factors to achieve a successful observa-
tion of Spirochaetae (Oliveira, 1999). In a study of forest
animals conducted by Girio et al. (2004), isolation was
attempted from kidney fragments of twelve animals, but all
of the efforts were unsuccessful. In a study accomplished
by Corrêa et al. (2004) in the zoo at Sao Paulo, Brazil, lep-
tospires were isolated from two renal samples that showed
similarity to a reference sample of L. interrogans serovar
Copenhageni.
3.4. Polymerase chain reaction (PCR)
3.4.1. Blood
The analysis of the blood samples of the 13 animals by
PCR showed that six (46.1%) presented positivity for Lep-
tospira spp.
3.4.2. Culture
The evaluation of the organs (kidney and liver) of
13 synanthropic rats in Fletcher’s medium by PCR for
Leptospira spp. showed that four animals (30.8%) were pos-
itive: one animal (7.7%) presented both positive liver and
kidney cultures, one animal (7.7%) was positive only in the
kidney culture, and two animals (15.4%) were found to be
positive only from their liver cultures. The presence of pos-
itive animals highlights the need to take into account the
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ifﬁculty associated with isolating these samples from the
ime of organ collection and transport to the laboratory and
o consider that these animals may  present a small number
f leptospires in these organs at the moment of collection
hat proves insufﬁcient for their successful isolation and
onsequently PCR analysis.
.4.3. Organs
The PCR-based analysis for Leptospira spp. from the kid-
eys and livers of 13 rats, presented positivity in nine
nimals (69.2%): only one animal (7.7%) exhibited a pos-
tive from both the kidney and liver cultures, two animals
15.4%) were found to be positive only from the liver cul-
ure, and six specimens (46.1%) exhibited positive results
rom the kidney culture.
In addition to PCR, other molecular tools, such as MVLA
Multilocus VNTR analysis) and PFGE (pulsed-ﬁeld gel
lectrophoresis), enable the identiﬁcation of infective lep-
ospire species, thereby contributing to the knowledge
f the serovars that exist in a speciﬁc region (Bourhy
t al., 2013). The identiﬁcation of the serovars of lep-
ospires that are prevalent in the rats that cohabitate
ith the wild animals in the CCWF is fundamental for
roviding not only a better understanding of the agent-
ost-environment interaction but also information on the
ction of control methods. Therefore, the employment of
he above-mentioned molecular techniques is essential for
uture epidemiological studies at the study site.
. Conclusions
According to the results obtained in the present study,
t can be concluded that the rats captured at the Centre
or the Conservation of Wild Fauna (CCWF) at Ilha Solteira-
P, Brazil, may  pose a risk factor for the dissemination of
eptospires at the site. Therefore, it is necessary to adopt
ot only prophylactic measures, such as epidemiological
igilance, for this zoonosis but also appropriate health edu-
ation activities.
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